Aims/hypothesis. In a previous study conducted over the last decades we found a decreased incidence of nephropathy but unchanged incidence of severe retinopathy among patients with Type 1 diabetes diagnosed in childhood and with 20 years duration of diabetes. The aim of our current study was to investigate the incidence 5 to10 years later in the same population. Methods. We studied all 269 patients in whom Type 1 diabetes was diagnosed in childhood between 1961 and 1985 in a district in southeastern Sweden. Ninetyone percent were monitored for retinopathy until at least 1997 and 95% were monitored for nephropathy. Severe retinopathy was defined as laser-treated retinopathy and nephropathy as persistent proteinuria. Survival analysis was used and the patients divided into five cohorts according to the time of onset of diabetes.
Over the last few decades, several improvements in diabetes care have been made. Long-term monitoring of glycaemic control by HbA 1 c was introduced [1] as well as patient education, self-monitoring of blood glucose [2] , insulin treatment with basal-bolus concept, insulin pens and continuous subcutaneous insulin infusion with insulin pumps [3] . In several randomised clinical trials improved glycaemic control has been found to reduce the development of retinopathy and nephropathy [4, 5, 6, 7] . There has, however, been a debate about whether it is possible to achieve the same results in an unselected population.
In the Linköping Diabetes Complications Study we observed a marked decline in the incidence of diabetic nephropathy, from 28% to 9% after 20 years of diabetes, in an unselected population of Type 1 diabetes diagnosed between 1961 and 1980 [8] . However, we could not find a significant decrease of severe, lasertreated retinopathy [9] . A possible explanation is that the improvements in diabetes care were sufficient to prevent nephropathy but not retinopathy. Another explanation is that the follow-up was too short to detect a declining trend of retinopathy. In the DCCT study there was a delay of 3 years from the introduction of improvements in metabolic control until the incidence of retinopathy had decreased [5, 10] .
The aim of our study was to investigate whether it is possible to detect a decreased incidence of retinopathy when we follow the same population for another 5 to 10 years. An important question is also whether we have prevented and not merely postponed diabetic nephropathy. Has the decreased incidence of nephropathy persisted?
Subjects and methods
Patients. We studied all 269 patients with Type 1 diabetes who were diagnosed before age 15 between 1961 and 1985 and who lived in the catchment area of the Paediatric Clinic, University Hospital, Linköping, Sweden. These patients represent the total population of newly diagnosed diabetes, as every child with diabetes in Sweden is treated at a paediatric clinic. Of the total population, 244 (90.7%) were monitored for retinopathy and 255 (94.8%) for nephropathy until at least 1997. The remaining patients were followed until their most recent clinical visit. Three patients moved abroad within 5 years after diabetes diagnosis. Twelve patients died before developing retinopathy and seven patients died before developing nephropathy. For 214 (80%) patients, information was available in the patients' records in the catchment area. For the other patients, who had left the area, information was collected by a questionnaire through their physicians after written consent was given by the patient.
For the analysis, the patients were divided into five groups according to the year in which diabetes was diagnosed: 1961 to 1965, 1966 to 1970, 1971 to 1975, 1976 to 1980 and 1981 to 1985 . The groups were similar in number of patients, patients still living in the catchment area, sex distribution, mean age at onset of diabetes, proportion diagnosed before puberty, and percentage followed (Table 1) .
During the 1960s, the standard regimen was a single dose of long-acting insulin in the morning. In the 1970s, a diabetes team with doctors, nurses, dieticians, psychologists and social workers was introduced at the paediatric clinic. Good metabolic control was emphasised from the beginning. Regular selfmonitoring of urine glucose three times daily became routine in 1971 and self-monitoring of blood glucose was standard by 1980. The number of daily insulin injections increased gradually during the 1970s and 1980s to four or five injections with a combination of short-acting and long-acting insulin. In the 1990s several patients used insulin pumps. The same routines were followed and the goal of therapy remained the same when at the age of 18 to 20 years the patients were transferred to the Department of Internal Medicine. One fifth of the patients had moved between one and several years after diabetes diagnosis was made. The insulin regimens and main goal of treatment have been about the same in other hospitals in Sweden over the past few decades, even if there are minor differences in management of diabetes.
The Research Ethics Committee of the Faculty of Health Sciences, Linköping University approved the study.
Definition of retinopathy.
The patients were screened regularly, every second year, for retinopathy after the beginning of puberty (defined as 11 years of age for girls and 12 years of age for boys). The screening was done up to the 1970s with ophthalmoscopy and later on with colour fundus photography. Three photos were taken nasally, on the macula and on the optic nerve of each eye with a photo angle of 45°. After 1995, the pictures were digitalised with two photos of each eye (macula and optic nerve). An additional three photos were taken if there was any abnormal finding. All photos were examined by an ophthalmologist and categorised using a standard protocol into four classes on the basis of the eye with the greatest damage, namely into: normal, background retinopathy, preproliferative retinopathy and proliferative retinopathy. The presence of macular oedema was also noted. The patients who had left the catchment area were examined in their local hospital. The follow-up didn't differ substantially between different hospitals around the country, since over the last few decades there has been a national consensus in Sweden concerning methods for screening and advisable time intervals. The same grading system was used, but the definitions were determined locally. The information was collected from the patient charts through their physicians. The onset of severe retinopathy was defined as the date of the first laser treatment. The indications were proliferative retinopathy or macular oedema.
The prevalence of non-proliferative retinopathy was calculated from data at the last fundus photography and compared with the prevalence at the previous follow-up in 1990. There were in mean 7.6 (SD 1.2) years between these examinations. All grades from milder forms of background retinopathy to preproliferative changes were included; (for the youngest cohort there were no data from 1990).
Definition of nephropathy.
All patients were tested for proteinuria at their regular clinic visits with a semi-quantitative test strip (Albustix, Combur, Redia or equivalent strips). During the last few decades the patients also had a morning sample of urine analysed by a quantitative method, either as a timed overnight analysis or as a spot test. Diabetic nephropathy was defined in this study as persistent proteinuria, that is, at least 1+ test result (which corresponds to an albumin concentration in the urine of ≥300 mg/l) or with a quantitative method albumin excretion rate of 200 µg/min or more or an albumin concentration of 300 mg/l or more. The onset of diabetic nephropathy was defined as the first year during which proteinuria became persistent.
Microalbuminuria was measured regularly, at least once every year. The prevalence of microalbuminuria was measured in 1990 and at the last clinic visit (for the youngest cohort diagnosed between 1981 and 1985 there were no data from 1990). There were on average 8.0 (SD 1.6) years between these investigations. For patients still living in the catchment area, the urine was analysed as a timed overnight urine sample with an immunoturbidometry method at the local hospital laboratory. For patients moving away to other parts of the country, analyses were made at the local hospitals with a quantitative method, but in a few cases with a semi-quantitative method (Micral test). Microalbuminuria was defined as an albumin excretion rate of 20 to 200 µg of albumin per min or an albumin concentration of 30 to 299 mg/l.
Statistical analysis. The cumulative proportion of retinopathy and nephropathy was calculated for one-year intervals using a life table method that took into account differences in the interval of follow-up after diagnosis. Patients, who have not developed any complications, contributed to the follow-up until their last clinic visit or to the year of death. The differences between all the groups and pair-wise comparisons were tested using the Wilcoxon (Gehan) statistic test. A p value of less than 0.05 was considered statistically significant [11] . The calculations were done using the SPSS Statistical Package for Social Science.
The prevalence rate ratio was calculated in each cohort for the prevalence of non-proliferative retinopathy and microalbuminuria among the patients still not affected by severe retinopathy and nephropathy respectively. The chi square or Fischer's exact test was used to test for significance. Data for the prevalence comparison were analysed using Epiinfo2002. The ageadjusted standardised mortality ratio (SMR) was calculated using the general population in Sweden as reference population.
Results
The cumulative proportion of severe retinopathy began to increase after 10 years of diabetes. After 25 years duration it was 47.3% (95% CI 34.1-60. In the next youngest cohort there were just three cases, two cases after 17 years duration and one case after 21 years duration. In the youngest cohort there were two cases after 10 and 14 years disease duration respectively. In overall comparison there was a significant declining trend between the groups (p=0.006). The decrease was significant between the oldest cohort and the cohorts 1971 to 1975 and 1976 to 1980. The other differences were not significant (Fig. 1) .
The prevalence of non-proliferative retinopathy was high in all groups, and after mean diabetes duration of 25 years, more than 80% of the patients had non-proliferative changes in their eyes. The cohort with onset between 1971 and 1975 deteriorated between the two occasions of follow-up and for the cohort 1976 to 1980 the trend was similar (Fig. 2a) .
The cumulative proportion of nephropathy began to increase after 8 years of diabetes. The cumulative proportion reached 30.3% (95% CI 18.3-42.3) in the oldest cohort after 20 years of diabetes. The proportion had declined to 8.2% (0.5-15.9) and 9.2% (1.5-16.9) respectively in the following cohorts. After 25 years duration of the disease, there were just a few new cases and the proportion of nephropathy was there was just one case of nephropathy after 18 years duration and in the youngest cohort there was also just one case after 13 years duration. When all groups were compared there was a significant decrease of nephropathy (p<0.0001). There was a significant decrease between the oldest cohort and all the following cohorts, but no significant difference between the other cohorts (Fig. 3) .
The prevalence of microalbuminuria remained at the same level from the first to the last investigation and varied from 5.7% to 11.9% in the patients diagnosed with diabetes between 1966 and 1985. There was an increase in the cohort 1961 to 1965 from 8.6% to 21.2% but this was not statistically significant (Fig. 2b) .
Six patients had received kidney transplants. All these patients belonged to the cohort with onset between 1961 and 1965.
The mortality rate was high, especially in the oldest cohort (Table 2) . Of the 25 deaths, 7 were directly caused by nephropathy and uraemia. The mortality was highest among the patients with nephropathy, 12 (33.3%) compared with 13 (5.7%) for the patients without nephropathy.
Discussion
We studied a total population and managed to trace nearly all the patients with Type 1 diabetes diagnosed in childhood during the period between 1961and 1985. When the patients were divided into 5-year cohorts according to the time of diagnosis, there was a declining trend in the cumulative proportion of severe retinopathy after 25 to 30 years of diabetes. Furthermore the previously reported marked decrease in the cumulative proportion of diabetic nephropathy persisted [8] . We defined severe retinopathy as laser-treated retinopathy, because it is more definite than just proliferative retinopathy or macular oedema. It is possible that the indications for laser treatment have changed in the direction of more liberal indications during the past several years. This tends to overestimate the cumulative proportion in the younger cohorts compared with the older ones. The cumulative incidence of severe retinopathy is reported to be high in different studies from different diabetes centres and populations. Our figures for the oldest cohort with a cumulative proportion of nearly 60% after 35 years duration are similar to other studies [12, 13] . We found a clear decrease of cumulative proportion for the younger cohorts. This decrease appeared 5 years later compared with the decrease of nephropathy. To our knowledge, this has not been previously reported for an unselected population with diabetes beginning in childhood. In a study from Denmark with follow-up until the year 2000, they also found a declining trend with increasing calendar year of diagnosis [14] . The patients were older at diagnosis and the study was clinic-based. Severe retinopathy, defined as proliferative retinopathy, had decreased to12.5% after 20 years diabetes duration for the cohort with diagnosis between 1979 and 1984. The decrease appeared about 10 years later compared with our study. In our population, severe retinopathy, defined as laser-treated, had decreased to 14.7% already in the cohort diagnosed between 1966 and 1970.
Our definition of nephropathy as persistent proteinuria was the same as in older studies and makes it possible to compare the results, even if it is difficult to compare studies with different designs. Cross-sectional prevalence studies do not give results comparable with prospective studies with analysis of incidence rates. Prevalence studies tend to give lower figures after long-term follow-up of nephropathy. A considerable proportion of the patients die prematurely, as in our study [15] . It is also difficult to compare unselected population studies with hospital-based studies, which can be biased. However, the cumulative proportion of nephropathy of 32% after 30 years diabetes duration in the oldest cohort is comparable with results from other studies published in the 1980s and earlier [13, 16, 17] . A clinic-based study from Copenhagen in 1991 showed unchanged incidence [18] . Over the last several years however, some studies have been published which also show a declining trend. At followup in 1999 a study from Wales found a prevalence of nephropathy of 19% after 15 to 29 years of diabetes duration [19] . In the EuroDiab Study in 1990, the prevalence was at the same level, 18% after 20 to 24 years disease duration [20] . A new follow-up from the Copenhagen area in 2000 showed a marked decrease of the cumulative incidence of nephropathy to 13.7% after 20 years of diabetes duration [14] . The decrease was observed in the cohort with onset of diabetes between 1979 and 1984, that is, 10 to 15 years later than in our study. A Swedish population study completed in 1999 reported a cumulative incidence of macroalbuminuria of 12% after an average diabetes duration of 29 years [21] .
Our study did not show a decrease of background retinopathy. Older studies have shown that almost every patient has developed background retinopathy after 20 to 30 years of diabetes duration [12, 13] . On the other hand, the DCCT study showed that it was possible to prevent even background retinopathy with intensive therapy and better metabolic control [6] . An explanation in our population could be that the metabolic control was good enough to prevent more severe retinopathy, but did not affect milder forms. Background retinopathy is often clinically less important, and milder forms are reversible while the prognostic value is difficult to estimate [22, 23, 24] . We need longer follow-up before we can draw conclusions about whether it is possible to prevent severe retinopathy or only postpone it.
In older studies microalbuminuria was considered a very strong predictor of diabetic nephropathy [25, 26, 27] . The prevalence of microalbuminuria was much higher in these studies than in our study (17-36% compared with 6-12%), even though their definitions were often stricter with microalbuminuria in repeated urine samples. Later studies from the 1990s have shown a better prognosis with about 30-60% of the patients reverting to normoalbuminuria [28, 29, 30, 31] . Still, microalbuminuria is a risk factor and about 20% of the patients with microalbuminuria will develop overt nephropathy within 7 to 10 years. The low prevalence of microalbuminuria in our study suggests that the incidence of nephropathy will not increase substantially in the coming years. The persistent decrease of nephropathy after 25 to 30 years with diabetes and the low prevalence of microalbuminuria suggest that nephropathy has been prevented and not just postponed in our population. Some patients died before developing complications, but it is unlikely that this has influenced the results. The mortality was high in the oldest cohort (diagnosis between 1961and 1965) due to nephropathy as was also found in other studies [15, 32] . In the younger cohorts mortality was lower than expected [33] . This was mainly attributable to a decrease in nephropathy as a cause of death. Altogether, seven patients died from hypoglycaemia or ketoacidosis with no obvious differences between the cohorts in this small sample.
In our previous study we found a strong correlation between the cumulative proportion of both nephropathy and retinopathy and glycaemic control [9] . A possible explanation for the better prognosis over the last few decades is better metabolic control from the beginning in the younger cohorts. Further analysis of the material will show if this is the primary explanation. Other factors like smoking habits and blood pressure level may also be of importance. The use of ACE inhibitors and other antihypertensive medicines has convincingly been shown to retard the progress of diabetic nephropathy [34] . In our population the use of antihypertensive treatment had increased during the 1990s, which could have contributed to the declining trend of nephropathy. The declining incidence of nephropathy was, however, noticed already at the follow-up in 1990, before the more widespread use of this treatment. It is therefore unlikely that antihypertensive therapy is an important explanation for the observed decrease in nephropathy.
In conclusion, we were able to demonstrate a declining incidence of both severe retinopathy and nephropathy over the last few decades among patients with diabetes duration between 25 and 30 years. The study suggests that with modern diabetes care it is possible in an unselected population of Type 1 diabetes to prevent both severe diabetic retinopathy and nephropathy.
